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Isolation Region F n r m l„ r ».t., hrrt . 

' r TECHNirAI ginp 

The invention pertains to methods of forming isoia.ion regions and 
can have par.icu.ar appiication ,o methods of forming shai.ow trench 
isolation regions. 
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BACK GROUND OF THF iNVF.NTiniv 

In modern semiconductor device applications, numerous individual 
devices are packed onto a single small area of a semiconductor substrate. 
Many of these individuals devices need to be electrica.lv isolated from 
one another. One method of accomplishing such isolation is to form a 
trenched isolation region between adjacent devices. Such trenched 
isolation region will generally comprise a trench or cavity formed within 
the substrate and filled with an insulative material, such as, for example, 
silicon diox.de. Trench isolation regions are commonly divided into three 
categories: shallow trenches (trenches less than about one micron deep)/ 
moderate depth trenches (trenches of about one to about three microns 

deep); and deep trenches (trenches greater than about three microns 
deep). 

Prior art methods for forming trench structures are described with 
reference to Figs. 1-12. Refernng to Fig. 1, a semiconductor wafer 
fragment 10 is shown at a preliminary stage of a prior art processing 
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^uence. Wafer fragment 10 comprjses , 

aw 

patterned layer of photoresist 18. Semiconductive materia, 12 com m „„ ly 
comprises monocrys.alline silicon which is lightly doped with , 
conduc t ivi ty .e„hanci„ 8 dopan,. To aid in int e r p ret a ti o„ of ,he Cairns 
that foliow, the tern, "semiconductive substrate" is defined ,o mean any 
construction comprising semiconductive materia,, inCuding, bu, no. limited 
to, bulk semiconductive materia,* such as a semiconductive wafer (either 
a>one or in assembles comprising other materia* thereon), and 
semiconductive materia, ,ayers (either a.one or in asS emb,ies comprising 
other materia,,). The term "substrate" refers ,o any supporting structure, 

mending, bu, no. Umi.ed ,o, ,he semiconducive subs.ra.es described 
above. 

Oxide ,ayer 14 typicaiiy comprises si.icon dioxide, and nitride 
layer H ,ypica„y comprises siheon nitride. Nitride layer 16 is generaMy 
from about 400 Angstroms thick to about 920 Angstroms .hick. 

Referring ,„ Fig. 2, patterned photoresist ,ayer 18 is used as a 
mask for an etching process. The etch is typically conducted utilizing 
dry plasma conditions and CH 2 F ; /CF« chemistry. Such etching effectively 
cches both silicon nitride ,ayer 16 and pad oxide ,ayer 14 to form 
openings 20 extending therethrough. Openings 20 comprise peripheries 
defined by nitride sidewa.ls 17 and oxide sidewalls 15. The etching 
stops upon reaching silicon substrate 12. 



Referring t0 Fig . 3, . second etch is conduaed _ 

-»r M.M. U 

openings 20 into silicon substrate 12. The second • 

ine second etch is commonly 

referred to as a "Tenon initiation etch ,. T „ e ^ .^.^ ^ . 

typicaUy a timed dry p, asm a etch „ tili zin g CF^HBr, and ,ypica„y extends 
openings 20 ,o iess th a„ or equal „ ^ ^ 

substrate 12. A purpose of the trench i„ iti a tion etch can be „ ^ 
an exposed surface of sfficon substrate 12 within openings 20 (i.e., to 
remove defects and P o, yme r material) prior to final trenching into 
substrate 12. Another purpose of the trench initiation etch can be to 
form po.ymer over exposed sidewa.. edges 15 and 17 of oxide ,ayer 14 
and nitride ,ayer 16, respective*. Such polym e r can aHevia.e erosion of 
sidewa,, edges 15 and ,7 during subsequent etching of substrate 12. 

Referring to Fig. 4, a third etch i s conduced to extend 
openings 20 further into substrate .2 and thereby form trenches within 
substrate .2. Extended openings 20 comprise a periphery 22 defined by 
substrate ,2. The third etch typicahy uti.izes an e.chan, consisting 

is adjusted to form trenches within substrate 12 to a desired depth. For 
instance, i, openings 20 are to be shaUow trenches, the third etch „i„ 
be timed to extend openings 20 to a depth of less than or equa. to 
about one micron. 

Referring to Fig. 5, photoresist layer 18 (Fig. 4) is removed and 
a first oxide ,ayer 24 is thermaUy g rown within openings 2Q ^ ^ 



' l Per ' Phery 22 (Fi8 ' 4 > * --on substrate 12 . The 

' ! of oxide ,ayer 24 can fom sma „ bird , s resions ^ J 

stdewall edges 17 of nitride layer 16. 

Referring t0 Fig . 6> . high densi(y pla$ma ^ ^ . ^ ^ 

«<< openings 20 (Fig. 5 ) and over.ie „ itrid e layer ,„. H ,gh density 
P-asma oxide 28 merge, with oxide ,ayer 24 (Fig. 5) t0 form oxjde 
P'ugs 30 within openings 20 (Rg 5) ^ ^ ^ ^ ^ 

outermost peripheries 33 within openings 20. 

Referring to Fig. 7, wafer fragment ,0 is subjected to p.anarization 
(-eh as, for examp.e, chemica.-mechanica, pohshing) „ planarize a „ 

upper surface of oxide Dlues ™ • 

Plugs 30. The plananzation stops at an upper 

surface of nitride layer 16. 

Referring to Fig. 8, nitride layer 16 is remove • 

io is removed to expose pad 

oxide layer 14 between oxide plugs 30. 

Referring to Fig. 9, pad oxide layer (Fig. 8) is removed. The 

Plugs 30. 

Referring „ Fig. ,0, a sacrificia, oxide ,ayer 34 is grown over 
substrate 12 and between oxide plugs 30. 

Referring ,o Fig. U, sacrificial oxide ^ }4 (Rg ^ ^ 
Formation and remova. of sacrificia, oxide iayer 34 can be „, iIized to 
eiean a surface of substrate 12 between oxide piugs 30. As such surface 
of substrate 12 can be „,,ima.e Iy utilized to form an active ^ Qf , 



transistor device if a ■ ^ 

"evice, it is desired that the surface h„ u 

surtace be substantially fro, 
detects. The removal of sacrificial oxide laver ^ 

oxide layer 34 can also undesirably 

exacerbate dips 32. 

Referring to Fig. 12, a silicon dioxide laver ^ • 

06 layer 36 regrown between 
oxide plugs 30, and a polysilicon layer 38 is formeH 

y 38 15 f o™ed over oxide plugs 30 
and oxide layer 36. Polysilicon laver x* „ 

y layer 38 can ultimately be formed into 

a word line comprising transistor gate regions S h 

5 lc regions. Such transistor gate 

regions can lie between oxide plugs 30 P i UM ™ 

P gs JU. Plugs 30 can then function as 

trenched isolation regions between transistor h • 

transistor devices. Dips 32 can 

undesirably result in formation of parasit.V ■ 

A . ParaS,t,C devices ad iacent the transistor 

" tfanSiSt0r * * -d be desirable to alleviate 

dips 32. Dips 32 can also interfere «,•»>, u 

interfere with subsequent fabrication processes 

and, for this reason as well, it would be desirable to ■ 

ucsiraoie to alleviate dips 32. 

^ aSP6Ct ' inVenti ° n impasses an isolation region 

forming method. An oxide layer is formeH 

yer is formed over a substrate. A nitride 

'ayer ,s formed over the oxide layer The nitr * , 

ayer. The nitride layer and oxide layer 

have a pattern of openings extending therethrough m 

g meretnrough to expose portions of 

U " der,yi " 8 SUbSlrate ' Th = «P~ Po«io„ s of the underlying 
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nitride layer are removed while le a vin„ 

leaving some of the „ itride laver 

remaining over the substrate after „ m • 

After removing portions of the nitride 

'n -other aspect, the invention encompasses another embodiment 

and to the silicon nitride lav^r ti, 0 

layer. The openings are extended through the 

silicon nitride layer to the underlying substrate Th. v 

y g rostrate. The sihcon nitride layer 

has edge regions proximate the openings and h a « 

pcumgs and has a central region 

between the edge reeinn* tu 

» regions. The openings are extended i„, 0 the 

snbsfrale. ^ eitending ^ ^ ^ 
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3R|EF CE SCB IEHQ M OF thp n,, 1JtB 

Preferred embodiments of ,he invention are described below with 
reference to the following accompanying drawings. 

Fig- 1 is a diagrammatic, fragmentary, cross-sectional view of a 

semiconductor wafer fraemenf at * „ •• . 

rragment at a preliminary step of a prior art 

processing sequence. 

Fig. 2 shows the Fig. 1 wafer fragment a, a prior art processing 
| step subsequent to that of Fig. 1. 

Fig. 3 shows the Fig. , wafer fragment a. a prior ar, processing 
! step subsequent to that of Fig. 2. 

Fig. 4 shows the Fig. , wafer fragment a, a prior ar, processing 
step subsequent to that of Fig. 3. 

Fig. 5 shows «he Fig. , wafer fragment a, a prior ar, processing 
step subsequent to that of Fig. 4. 

Fig. 6 shows ,he Fig. 1 wafer fragment at , prjor ar( process . n8 
step subsequent to that of Fig. 5. 

* 

Fig. 7 shows the Fig. 1 wafer (ragmen, a, a prior ar, processing 
step subsequent to that of Fig. 6. 

Fig. 8 show, ,he Fig. 1 wafer fragmen, a, a prior ar, processing 
step subsequent to that of Fig. 7. 

Fig. 9 shows the Fig. 1 wafer fragmen, a, a prior ar, processing 
step subsequent to that of Fig. 8. 
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%• 10 shows ,„e Fig . , wafer ffagmcnt 
2 ' Ste P sub ^n, t0 lha , „ f „. „ Pr '° r a " P ro ««tag 

P * 11 Sh ° WS 1 wafer frag ment „ . 

«°P ^sequent t0 that of F . g io Pn ° r a " Passing 

F 'g- 12 shows the Fi» i w .,, r , 

e. wafer fragment at a prior 
"ep subsequent to rhar of Fig. „. Pr ° CeSSi " g 

— o, the ' ^ aCC ° rding * « - — 

the present invem . on 

%• 13 is suhc. Processing step illustrated in 

8 is subsequent to the prior art n 

P"or art processing step shown • _. , 

Fig- 14 shows the Fi e n , g " 3 " 

tne i-ig. 13 wafer fragment *t 

-Sequent to that of Fig. 13 . 2 ^ 

Flg ' 15 show s the Fig. 13 wafer . 

16 shows the Fig. „ waf „ 
«"«q«a. to that of Fig . 15 . * """""l S "P 
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18 shows the Fig. 17 wafer f 
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Fl 8- 19 shows the Fio 1-7 

F'g. 17 wafer fragment at a D roc. ■ 
^sequent ,„ that of „. PrOC « s '"8 «.p 

Fi g- 20 shows the Fi» 1-7 

ine rig. 17 wafer fraemenf 

%• 21 shows the Fig. 17 wafer 

Fig ' 22 " > fragmemary _ c 

semicondoc.or wafer fragraem a 

-hoc, „, the presem jn . 

" 3 Pr0C " Si " g «* "" SequMt .0 the prior art proce . 
of Fig. 4. Processing step 

Fig ' " Sh0ws the R», 22 waf er f ra , ment „ 

8 a ' 3 ""^ ^ 

24 shows the Rg 22 wafcr 

-seouen, t „ that of Rg . 2y * Pr °« Ss ^ -P 

Kg. 25 shows the Fig. 22 wafer f ragment a , , 

^ is . sche malic , fragmemaa £ross sect;ona| 
semico "duceor w a fer f ragment in 

Pr ° CeSS 3CCOrdi "« 10 * fourth 

embodiment method of the ores,n, ■ 

p. „ . ' mVen "° n - wafer fragment of 

ri S- 26 is shown ot ^ 

at a processing step subsequem 

Processing step of Fig. 3. 
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Fi8 ' " Sh ° WS ' he F * * wafer , ragmcnt „ a 
subsequent to that of Ft„ ,„ Pressing step 

%• 28 shows the Fig 26 ,w * 
Fig ' 29 Snow * the Fig. 26 wafer f 

- - «. rrrr : • — - - 

«, jit T" ~~ — - - — - 

described above with reference to the 
* A first e mb odi m e„t of th " 

Reference to Fi gs 13 16 

g 13 " 16 - In desc ^ing the first embodiment ■, 
numbering to that utilized abn ■ m »°diment, similar 

utilized above in describing the nr ; n 

of Figs 11? ■„ u P f art Pressing 

,gs - l - n will be used with <\\tf 

' ^ indkated * — - - * 

"* 13 " IUStrales a semiconductor wafer ta . 
Preliminary stage of the . ' fra * men> W * « a 

age of the f lrst embodiment method « 

10a is iIiustrated a[ a . elh0i S ~"- -fer 

3 „ ' * SUbSeqUe ""° * 

r fig. j. Wafer fragment m 

-"-rare 12 a „ , 3 C ° mpr,SeS a -"conductive 

<" e an oxide ayer 14 * 

nrtnde layer 16, and a photoresist 
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,a ^r 18. Openings 40 extend throu e h ■„ 

tnrough oxide layer 14 anH . . 
16 and into s„hc^*„ ,„ _ and n,trid e 

— ^ 0 as a fct — - « - . 

f0rmati °" ° f «P«hp 40 can be initiated . 

"~- * - -e w , h referen ; 7. by ~« 

«a lly , openings 20 

y r 18 throu 8fc first and second ma u- 
and 16 On. • masking layers 14 

16 - Openings 20 (Fig. 3 ) are 

i *• J ) are then extended into «™ • 

etching photoresist layer 18 Su h ? ^ "° by 

yCr 18 - Suc h etching reduce. a i, • 

Photoresist layer 18 . , „ ^ Width ° f 

'ayer 18 and thereby exno^ „ 

J exposes portions of underiv,™ 

— * a *, etch utili2jng . mfaure yer 18 - — - * 

and He Thee "Wn-co n ,ai niag materia , 

°^«-»ai„i ng materia| can 

P re «". i„ a concen ,„,. P " Se ' f ° r exam P ,e . °r 

concentration greater than or 

Alternatively the e„„ . ° Ut 10% - 

'• tne etch «n be a drv eteh • 

e,c " utilizing 100% n n. 

- ^nera„ y remove photoresist ^ 

8h " C0 " C "'"«»ns of 0 2 
6 ' han ^ concentration, or o , 

nitride comprise oxide and 

* — e d etc, co„ di , ions can a, so re 

c nnh , y r 16 and oxide layer 14 

Such polymer is described in the » Ra t 

the Background" section of this disclosure 
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*i«h reference , 0 Fig 3 anH . 

n a„ d oxid ', ' " d " Cnbed " ™" * *«* 

x/ ana oxide sidpu/siio ic . 

reference to Fig 4 a 

4. Accordingly, removal of 

~ of layers 14 and „ , 

. " '° a '""sequent silicon elch 

Refem "« '° H*. 14, wafer fragment ,„„ . 

e<cn such as f " SUbjeC ' ed '° a silic °" 

• sucl1 as . for example, the Hn, u , 

» Fig 4 Su „ " Cribed 3b0Ve " ith 

removes exDosed d a,so 

exposed portions of nitride layer lis „ 

Accordingly the etch ^ ,ayer 14 " 

8iy ' tne etch moves a further , 

maskin, , of second 

masking layer (defined by sidewalls 17. 

CWa,,s 17 ) outward from the ™ ■ 

without reducing a th.Vt PCnmg 
uuwng a thickness of the q*™,,^ 

etru- maskin « ^ After the 

aching, openings 40 comprise a step 42 r c 

corners, h , (corresponding to rounded 
corners) below oxide layer 14 

P 42 dCfineS 3 "tfon where a wider 
^Per portion of an opening 40 joins to 

8 J ° ,nS t0 a na "ower lower portion of th* 
opening 40. F"'"on ot the 

Erring to Fig. 15, photoresist 

a" oxide layer 44 , ,„ ( * ' " removed a-d 

y " 44 ls thermally formed »i.k- 

™ ea w,th "> openings 40 bv f„r 

"ample, a process ana| '°r 

the „ • d ' SCUSSed abOTe «** reference ,0 

thC Pr '° r a " »afer fragment of Fig 5 . 

therm,,, exemplary pr0 ce ss fo r 

thermally growing oxide is ,„ . 

P0SC Waf " *■*■»"« 10a ,„ a mixture 
of Ar and O at- o * *"«iure 

2 ' at a te ™Perature of about 1050°C ,„h 
abouf 1 . nd 3 P^ssure of 

a oout 1 atmosphere, for a time of fm u 

After the f 0 • 

th£ form ation of oxide lay er 44 . uh «. 

K ' Subse ^cnt processing analogous 
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10 that bussed above with ref* r 

w "n reference to Fig a n 

conducted to form • , • " then be 

u to I0 rm isolation r«„;~_- 

- 6 .w US witnm openings 40 

Pn>cess,„ g . Specificaliy, Fig . 16 shows ""^ 

been formed withjn ^ ^ 
polygon iayer 38 is provided oyer 

steps 42 define an outer later,! „. • .. 

' P ^ ° f iS ° ,ati0n «* Such 

outer periphery is further outward than 

onward than an outward periphery 33 of 
Nation regions 30 of Fig i 2 c „ „ 

Ch h3S reSU,ted ^ the alleviation 
(Sh ° Wn 35 eI -'-tion) of dips 32 (Fig 12) of th 

( g - ° f Pri ° r ™ Nation 

A second embodiment method of the present i • 
with rpf P SCnt lnventl0n is described 

with reference to Figs. 17-21. i„ describin „ 

" blng the sec ond embodiment 
similar numbering to that utilized in d „• 

Figs 1 i 2 „ u nbmg the Pri0r « of 

ri gs. 1-12 will be used whh 

used, w„h dtfferences indicated by the suffix V or by 
different numerals. y 
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Referring to Fig. 17> a wafef 

"gment 10b is illustrated at a 
prehminary processing step 0 f the «. „ 

Sn , - f - „ SeC ° nd emb odiment method 

Specially, wafer fragment 10b is illustrated „ , . ' 

SUbSeqU6nt t0 ^ « step il]ustrated ifl F . 4 C 7 

laver tfi /c- . Photoresist 
ta J™ 18 (Fig. 4) having been removed Wafer ft. 

silicon k gmCnt 10b ^Prises 

silicon substrate 12, oxide layer 14 anrf - A 

. 1 y U ' 3nd mtr,de ^yer 16, with layers 14 

and 16 alternatively being referred to as first „ 

to as first and second masking layers, 



13 



respectively. Openings 50 extend t u 

8 extend through nitride layer 16 ^ 

layer 14 an n • . and 0x ide 

; 1 l *> and into cnhc,-... ,~ 



"Penings 50 can be formed i„ 
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accordance with the m ,, h h in 

* the method s described above wifh f 

fn f . ove w,th reference to Fi e 4 
for forming openings 20. 

Referring to Fig. 18 wafpr f „ 

which • gmem IOb is e *P°^ .o a wet etch 

whtch tsotropically etches „i, ride layer „ 

wafe, fra C ° mPriS£ ' *» «™ » «P of 

water fragment 10b into nhncnh • 

inro phosphoric ac d W PO ^ , f 

of 150'C and ambient pressure S H „ 3 

P 1,35 b6en f ° Und t0 insistently 
etch sihcon nitride at a rate of abo ut 55 a 

etch re. 8 r ° mS PCr minute - The 

^ fedUCeS 3 thickne " of nitride ,ayer 16 and at th 

sidewalis 17 f • • SamC time moves 

31,5 17 ° f n,tnde ^yer 16 outwardly f rom on. • 

too „ n P mngS 50 t0 wid en a 

top portion of openings 50 n 

ThC mtr, ' de etch ^us results in the 
formation of steps 52 within openings 50 „ 

where a h PS define a ,ocati °n 

where a wider upper portion of opening 50 ■ ■ 

openings 50 joins a narrower lower 
P°mon of openings 50. Steps 52 have an 

P nave an upper surface comprising 
silicon oxide of oxide layer 14. * 

Preferably, nitride layer 16 has a rt - u 

600 A 11655 ° f 3t ,east a ^ut 

600 M ^oms over substrate 12 after th. u 

after the above-discussed phosphoric 

ac ' d etch. If remaining n . r . de P h0r,c 

thick it „ f a 5 th3n 600 An ^ms 

i mcK, it is found to be less canaM* * * 

PaWe ° f funCtioni »* - an e,ch stop for 
subsequent etchine (such a< .h. . ... 

art Fi e , t £ dCSCribed - prior 

art F'g. 7). Typically, from about 50 An« f 

50 Angstroms to about 250 Angstroms 
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° { nitnde is remo -d from nitride , ay er 16 d ■ 

etch. Unng the Phosphoric acid 

Referring to Fig. 19> sub 

acid etru CXP0Sed t0 3 ^rofluoric 

acid etchant to selectively remove nn 

y remove portions of pad oxide layer 14 The 

of substrate 12 T n UPPCr SUrfaCe 

12. In some applications, it can be M „ 

forego u qUaHy P ref ^able to 

forego such pad oxide etch and proceed h- , 

described • . P d,reCt, y t0 ^e ox i dati o n 

described with reference to Fig. 20. 

Referring to Fig. 20, wafer fragment 10b ■ 

Referring to Fig. 21, wafer fragment lOh • 

processing , 15 CXP0Sed t0 sub ^quent 

processing analogous to the prior art nm • 

reference to F" § ab ™ 

" t0 F ^ 6 ^ to form isolation regions 58 anH 
laver „ , • and a P^icon 

layer 38 overlying isolation regions 58 As shn 

• As sh °wn, steps 52 define an 

ou-er ,a,e ral pe ripheiy of , 0|ation 

f"»her ou t „ ard than " ° Uter Peri <"^ " 

uutward than an outer periphery « «f • , • 

Fig i 2 , „ , ' * 3 ° f ,S ° ,at,0n re ^ons 30 of 

g - 11 Such has ^suited in the alleviation 

32 (Fig 12) of the " ° f 

1 g " 2) ° f the P r,or art isolation regions. 

A third embodiment nf n, a • 

22 - * - , hird embodiraent , , raiiar 
t0 ,ha « — - * — ng the £ , t two embodiments 
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used, with different 

merenccs indicated by the suffix V or bv h-« 
p r 0r by Afferent numerals 

R^rnng t0 Fig. 22, a wafe r ,,,„_._. .. . 
nr .. . " iuc is shown at a 

preliminary stage of the f h - h 

<he thud etnbodimen, processj 

fragment 10c is shown a , 

" " 3 Pr0C « Si °« «*P sub^uen, t0 that of 4 
«* - Photoresist layer „ (Rg " 

» ueen removed. WafW 

fragment 10c comprises . „ ■ 

P SCS 3 "conductor substrate 12 a naH .„ 
laver 14 ' pad oxjd e 

" H and a sUi «n nitride layer 16 with , 

' " h Ia y crs 14 and 16 
al.ernat.veiy being referred to as firs, „ 

„ ' a ° d second "asking layers 

respecttvely. Openings 60 extend ,h . 

extend through layers 16 and 14, and into 

substrate 12. 

Referring to Fig. 23, nitride layer 16 f, k- 
t0 rpri y 16 15 SUbjected to a facet etch 

° rCdUCe 3 thickneSS of portions of nitride ,ayer 16 Dro • 
tt, < y Proximate edges 17 

^ facet etching can comprise for . , 

' F CXample ' 3 P ,a *<™ etch utilizing 
argon ,n combination with a fluorine conn" 

onne-contaming cora P°und fe 2 CHF^ 
^ferably, the mixture of argon and „ ■ 

less th, ^onne-containmg gas comprises 

less than or equal to about 5% fluorine-contain' 

exemn, 8 gM (by V ° lume ). An 

exemplary pressure condition of the facet-*., • 
. f3Cet etchl °S « from about 2 mTorr 

to about 20 mTorr. 
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Referring to Fig. 24, wafer fragment in ■ 

which for ,S SUbjeCted t0 0xid ^°n 

wnicn forms an oxide layer a? « *u- 

of ° PCningS 60 - The ^cet etching 

of nitride laver ~ • nin § 

» -ore pro „o„ nced Iha „ ro 
analogous corners in the prior .„ 8 any 

' Pr ° C " sin 8 d ««ibed above with 

reference to Fig. 5. 

Subsequent processing analogous to the prior a , 
Figs. 6-12 results in ° f 

" " 3 ~n layer 66 overlymg isolation region 64 lt 
15 noted that the faceted edges of > •„ 

n „ ,3yer 16 «n lead to 

overhanging oxide ledges <W u 

■cages (not shown) of the ic«i *• 

dun™ atl ° n 0xide fo ™ed 

during apphcat on of the c.Kc 

or tne subsequent processing n f it- 

Fiucessing of Figs. 6-12 to the 

structure of Fig 24 if . u 

ri S- If such overhanging oxide u 

are nref u, 865 are f ° rmed > th ey 

are preferably removed prior to form.*- 

P to format,on polysilicon layer 66. Such 
overhanging oxide ledges can be 

rCm0Ved ^ f ° r ^emical- 
-chanica, polishing of the isolation oxide. 

Fig - 25 Urates that rounded corner, fit u 

of H* m h3Ve aHeviated formation 

of d « P s 32 (Fig. 12) of the prior art. 

A fourth embodiment of 

of the present invention is described with 

reference to Fies 26.70 i j 

»• 29. In describing founh embodiment) 
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nUm " erine '° ">*' ">'nzed above in describ . 

in describing the fj rst thro 

embodiments will be u<eH _ three 

^^ nt numera , ~ — suf& ,.. or 

preliminary stage of the fourth ^ m h 

fourth embodiment method. Specifically wafer 
fragment 10d is shown at fl n 

at a processing step subsequent to the prior art 
P-cessing step of Fig. 3 . Wafer fragment lOd 

a n*d •„ COmpn ' SeS 3 Substr ate 12, 

a Pad oxide layer 14 an w . • . 

alt . 

".er„ atl ve ly being referred ,„ as 

second masking layers 

respectively. Additionally, substrate 12 comn • 

12 comprises a photoresist layer 18 

and openings 70 extend.™ ,k 

s /u extending through layers is u 

e layers 18, 16 and 14 anH 

substrate 12 n„ • mt0 
rate 12. Openings 70 can be formed hv f 

rormed by, f or example, prior art 

methods described above for for • 

for forming openings 20 of Fig 3 Aff 

*— - - 7 0, photoresist ]ayer , k ^ < 

por " ons 0( nitrid ' i6, w hi , e leavin . other do 

Phoresis, 18 . * P ° r "° nS C ° Vered » 

"Posed ,o addition etchjng condj 

' for ex ample, a 

Phosphoric acid etch as described above with , 

0VC WUh referen ^e to Fig. i 8 , t0 

reduce a thickness of the err,™ a 

e - f . P ° Sed P ° rti0nS of the nitride layer 

Specifically, the original nitride layer had a fh - t 

ayer had a thickness of "A" (which 
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remains the thicknp^ ^ . 

ckness ° f an unetche d central region of ,h. ■ 
and ,he er.h.H .. .. S 10 " ° f <>>e n„„ae ,ayer), 

°' me " i,ri <* ^yer (the edge re(!ions , „ 

•Wckness of -B-. Preferably, "B" i s a k D ^ " * 

does no, ° ne ' ha ' f " A "' The 
does not move the furthest lateral oerinh 

bv .„ Pe " Pheiy 0f 'ayer 16 (deflned 

by stdewal. ,7) outward fr„ m 0 pe ni „ gs 70 . 

Referring to Fig. 28 wafer fro„ 

' gmCnt iS 6X P° Sed «> oxidizing 

condmons which grow an oxide ,ayer 72 with' 

ayer 72 w "hm openings 70. The 
thinned regions of nitride layer 16 are r^f , 

y are relatively easily lifted by the 

gr ° Wing ° xide «"* that "birds beaks" are for h 

are f orme d under the thinned 

regions of nitride l ayer 16 Th „ . . . u 

blrdS b6akS are relative to any 

birds beaks formed during the nrinr . 

ng the p„or art processing described above with 
reference to Fig. 5 . Photoresist layer 18 u 

yer 18 13 removed prior to the 

Referring to Fig. 29, wafer fragment inn ■ 

ragment 10d is exposed to subsequent 
Processing conditions analogous to the prior art „ • 
a . P 10r art Processing described 

above with reference to Figs 6-12 to * 

t0 f ° rm iS ° ,ati0n 74 and 

polysilicon layer 38 overlying Nation regions 34 It ■ „ 

s ns J4 - 11 is noted that the 
reduced-thickness edges of nitride layer 16 can , „ 
. . 3yer 16 can ,ead to overhanging oxide 

'edges (not shown) of the i™\*t; 

} ,S ° ,at,0n ° X,de f ° rmed <™"g application of 

the subsequent processing of Figs 6 12 r« m. 

* ^gs. 6-12 to the structure of Fig 27 if 

such overhanging oxide ledges are fn rm a , 

g are formed, they are preferably removed 
Pnor to formation polysilicon layer 38 c u 

'ayer 38. Such overhanging oxide ledges 
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can be removed by for pv^ni 

y ' IOr exa mple, chemical-mechanical ™i • u- 

ccnanicaj pohshing of the 
isolation n »;r) 0 & I1C 

W4UUV. 
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Pr0CeSSi " g ° f R8S - ™ •"•*«« the prior „ dips 32 
above in the ., ackground „ sectjon ^ 

dips 32). 

In compliance with the stahitA *u • 

«a<ute, the mve „,io„ has been described 

" — — » r ,ess „ as ,o structura , and methodjcai 
— It , t0 be undMstoodi ^ (ha( ^ ^ ^ ^ 

effect. The invention is, therefore cla.Wn ■ 

re, laimed ,n afl y of its forms or 

appropriate* in.etpteted in aceotdance wit „ „ ^ ^ 
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